UNCLASSIFIED

AD NUMBER

ADB272227

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution: Further dissem nation only as
directed by National Aeronautics and Space

Adm ni stration, Washi ngton, DC 20546, MAY 1948,
or hi gher DoD authority.

AUTHORITY

NASA TR Server website

THISPAGE ISUNCLASSIFIED




, e w oo e e e e 31 MAYW

Py
: “Verglelch zwmcheg?Abwurf und Windkanalversuchen hinsichtlich des

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

N =

TECHNICAL MEMORANDUM

No 1186

COMPARISON OF DROP AND WIND-TUNNEL EXPERIMENTS ON

BOMB DRAG AT HIGH SUBSONIC SPEEDS

By B Gothert
"é:rzv. ﬁw /Wt" /0155*‘2 - BRR.« BRI SR

!r

@j{% TRANSLATION

Widerstandes von Bomben bei hohen Unterschallgeschwmdlgkelten

‘-pgutsche Luftfahrtforschung, Forschungsbe,r_;—_lcht Nr. 1570

- - Washington ==
May 1948

N A C A LIBRARY

< LANGLEY MEMORIAL *\FRO“IAUTIC;»-I
LADORAL u}lY
Lanpiay Fiehd Va.



NATIONAL 'ALVISORY COMMITTEE FOR AEROHQUTICS

TECHNICAL MEMORANDUM NO, 1186

COMPARISON OF DROP ANDﬂWINDuTUNNEL EXPERIMENTS ON
. BCMB DRAG AT HIGH SUBSONIC SEEE&S

By B. Géthert
SUMMARY

The drag coefficients of bombs at high velocities (the highest
velocity of fall wae 97 percent of the speed of sound) are determined
by drop tests ard compared with measurements taken in the IWVL high-
speed closed wind tunnel and the open Jet at AVA — Gdttingen.

I. PURPOSE OF THE DROP EXPERIMENTS

1. Limits of Mensurability in Subsonic Wind Tunnels

The upper limit of the airsyeed In subsonic wind tunnels at
which it is no longer possible to carry over wind-tunnel measurements
to free flight is that velocity at which the supersonic field
originating in the flow past the model hae spread out to the flow
boundary. It is not known how closely this upper limit can be
approached, that is, by what amount the airapeed must remain smaller
than the limlting velocity. In the closed DVL wind tunnel, the
variation of pressure on the wall and the velocity variation along
the test length are measured along with all model meagurements taken
at high airspeeds so that it can be established each time beyond
question when the speed of sound, and, therefore, the largest possible

*"Wergleich zwischen Abvurf- und Windkanalversuchen hinsichtlich
des Widerstendes von Bomben bei hohen Unterschallgeschwindigkeiten,”
Zentrale Iiir wissenschaftliches Berichtewesen der Iuftfahrtforschung
des Generalluftzeupmeisters (ZWB) Berlin—-Adlershof, Forschungabericht
Nr. 1570, Aprll 17, 19k2.

1The DVL would like to take this opportunity to thank the various
establishments, the Rheinmetall-Borseg Firm and the Iuftwaffe
Experimental Statlon at Peenemunde — West especially, for their
support in subatantially expediting the drop experiments.
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airspeed are attained, Yor purposes of evalvation, measurements in
the proximity of the upper velocity Llimdt are discarded froam time to
time, No equivalent sign for the limiting velocity that cen be
reached in wind tunnels with open test lengths is kmowm.

Since there is no prospect for acceptable measurement in wind
tumnels in the immediate vicinity of the speed of sound, it is
necessary to exitrapolate in this range from measurements made at
lower velocities, However, this requires high reliability of
measurement, especially in the critical velocity region,that is, in
the vicinlty of the limiting airspeed, since, aside from the magni-
tude of the individual measurements, the slope of the experimental
gurve 1s important, too. : .

2, Correction Factor for the Flow Veiocity in Subsonic Tunnels:

Wind-tumnel experiments have shown that the air drag of the
models tested rises considerably if the alrspeed 1s increased to
the neighborhood of the speed of sound. This drag rise of the models,
according to known Measurements in wind tunnels, has been largex,
in gemeral, with closed test lengths than in open arrangements. This
difference is understandable, too, as long as no velocity correction
factors” are used as a result of the model obstructing the test length.
As a result of the obstruction of the test length, the alr in a closed
tumnel must flow past the model with a higher velocity than in an
empty test length, which produces higher drag and with thie, too,,
larger drag coefiicients are simulated at velocities that are. too
low. Conversely, tho air in an open Jet can be deflected more easily
tham in the unbounded alr space so that the effective flow veloeclty
becomes smaller and the drag and drag coefficients appear too small.

In the coperation of the DVL high-speed wind tunnel a correction .
factor method was discovered which permits the calculation of the
veloclity correction factor for closed wind tunnels at high air speeds,
too, in a simple mamner with the kelp of the dynemic pressure at the
wall msasured simulteneously.” Since this semiempirical correction
factor method can not be taken over for an open wind tunnel without
further development and, at presont, no other method has been worked
out yet, a velocity correction factor has been cmitted, up to now, -
for the open arrangement. This cmission of the velocity correction
factor in open Jjet experiments, for which only a smaller correction
is known to be nececsary than for a c¢losed wind tunnel with the same
obstruction of the test length, is Jjustified as long as the dimensions
of the model which must be tested near the speed of sound are. chosen
small enough. However, there is no accurate knowledge of what are to
be considered sufficiently small dimensions of the model,

ECompare B. Gothert: "Windkenalkorrekturen bei hohen Unterschallé
geschwindigkeiten," ILGI~Tagungsbericht 127, p. 113.
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3. Checking the Wind-Tunnel Results By Drop Tests

. Although valuabls evidence concsrning the magnitude of the
influence of the gtream’ boundary and - the 1imiting alrespeed is
acguired by systematic ‘wind—tunnel Eucnerlmen’c.aa‘5 Tor example with -
large and with very small models of the game form in ths same tunnel,
there exists the pressing necessity of at least knowing the variation
of the aerodynamic forces for sevsral bodies in unlimited air space
and thereby posseseing a meane of examining the reliab1+ity of the
wind—tunnel method of measurement

Tn the present report we will deal with an attempt to detsrmine
the drag veriation of btombs at high subsonic spe=ds by drop tests
of original btombs from en alrplame, Bombs were selected ag test
bodles because there were sufficient numbers of them and the supports
and release installations were avallable in quantity, also. According
to how favorably these [irst tests run off, these teets will be
oXtended to other todies such as rectangular wings, eweptback wings,
and so forth, Among other things, -several falling bodies are to be
gelected with the correct weight and dropred from the right altitude
to excesd the speed of sound in order to obtain evidence in the same
range covered in wind-—tunnel experiments,

TT, PERFORMANCE OF THE DROP EXPERIMENTS

The drop tests were carried out by DVL with the support of

‘tho Rheinmetall-Borseg {irm. The measurement of the trajoectory was

mads by the measuring squad of the Iuftwaffo reeearch establishment
at Peeneminde.

Several original bombs SC~50 2nd SC-250 with and without tail
fin gtruts (fig. 1) were released and observed, The bombs were
equipped with flares (flere dimensions 190 X 60 millimesters diemster)
which wsre installed on the bomb axis behind the corresponding cut out
of ths bomb tail in the SC~50 bombs, somewvhat off center in the angle
bstween two fins in the SC~250 bomhe.

9B, GSthert: "Hochgeschwindigkeits-Uhtersuchungen an symmetrischen
Profilen mit verschiedenen Dickenvarhiltinissen im DVi—Hochgeschwind—

- igkeits—Windkanal (2.7 m #) und Vergleich mit Messungen in Anderen

Windken#len," Forschungsbericht Nr. 1506, p. 17.

G. Richter: "Einfluss der Modellgrdsse in Hochgeechwindigkeitskaralen
(Meesungen an vier verechieden grossen Fliigeln von gleichem Profil

im DVI-Hochgsschwindigkeits~Windkansl}," IGL-Tagungsbericht 127, p. 121.
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The bombe weXxe dropped from a height of approximately
1l kilometers and thelr trajectoriee recorded with two photothe-—
odolites eet up on the ground. From time to time after drope a
balloon rieing from the ground wae observed to determine wind:
intensity and divection. With these measurements the true velocity:
relative to the alr wae detexmined. To continue, during the ascent
and descent of the airplane from which the bambe wers dropped, the
alr temperature was measured at varioue heights with an electric
thermometer calibrated prior to the experimont to dete-mine the sirx
density and the speed of sound, A median curve was drawn through the
experimsntal temperature points; the experimental points are ecattered
within 2% 3° C of the curve. The uncertainty, due to this, in
the determination of speed of eound, therefore, ie in the order
of 1/2 percent. C

The choice OFf the altitude of release of 1l Kilometere is
based on arguments which are explained in detail in the following
section I1I.

TII, INTERERETATION OF FXPERIMEWTAT RESULTS

The'eﬁaluation of the phototheodolite measurements givee, ae
raw data, the position of the bomb at intervals of 1/h or 1/2 eecond.
At every instant, the path which the bomb covered in 1/2 second wae
calculated by means of the detérmination of poeition previously made.
Thie path for each 1/2 eecond ehowe the bomb velocity (measured in
metere per 1/2 eec) which was plotted against the time elapeed and
averaged by a euitable curve. The experimental values for acceptable
meaeurements of the veloclity lie within 2 or 3 meters per 1/2 second of
the average curve.

By graphical differentiation of the velocity—time curve, the
acceleration Vp/dt acting on the barb and from that the air drag

wae acertained from the following equation.

p v gy
“"‘W“’L"Be“%(%r‘i‘g“'ﬁ

Vhere

Vg path velocity of the bomb

Vg velocity component in the direction of gravity
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g gravity

G  bomb welght .

F bomb crosg—sectional area (-ED2>
Py alr denelty

. It is seen from thie equation, that the detexrmination-of drag
is more inaccurate, the larger the acceleration of the bonmb BVB/Bt

v
relative to .gravity. For example, if ?ﬁ? = 9,0 metere per second®

and (Vg/Vple = 9.5 metere per seconde®, then the value governing the
drag ie the difference 9.5 — 9.0 = 0.5 meters per second?, Small

errors in the determination of the acceleration BYB/Bt appear many

times larger in- the deteimination of drag in this case. The range

of high accuracy of measurement poseibly, therefore, depende on the
velocities which equal the terminal velocity of the bomb or fall free
of acceleration. To extend thie favorsble raenge over the largest
possible portion of the drop curve, the bombe were released at the
altitude of 11 kilometers previouely mentloned, so that the bombs
reached their highest velocity at an altitude of & or 5 kilometers
and then were decelerated, Instead of accelerated, on falling through
the lower altitudes as a result of the increaeing air density.

Corresponding to the different orders of accuracy of measurement,
the following three ranges of measurement are differentiated In the
description of the results and are mede recognizable on the graphe
by individual point designations:

1. Range of emall accuracy of measursment.- The acceleration of
the bomb ie even larger than the arbitrarily fixed limiting value of
5.0 metere per eecond?, that it ie at the higheet elevation of the
drop. Not more than a few pointe were evaluated Ifrom time to, time
in thie range, when a good etraight variation of the measuremente
permitted this. Co : ' '

2. Range of increaeing Mach number%.— The bomb acceleration here
is already smeller than 5.0 metere per escond? and falle off to
%g? = 0, poesibly. This range terminatee where the bcmb"attaiﬁslits

closest approach to thé speed of edund in the vicinlty of the limiting
velocity. o o o . ' '

3. Range of decreasing Mach number.-- In thie range the bomb
acceleration is almost always negative, that is, the boubs are retarded

‘M = The ratio of path velocity/velocity of eound
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as a result of the drag so that the highest accuracy of measurement
igs obtalned in this range., This range ends on Iimpact with the ground.

Good control of the results is obtained, therefore, dus to the
faot that each drop le made from a high enough altitude so that the
range of high Mach numbhere is traversed first with increasing and
then with decreasing Mach nmumber. Thereby, two different, mutually
independent parts of a curve are ohtalned which must fit together.

In the manner described, for each drop only that porticn of the
drag curve ie obtalned which is well placed, that is, located in
the vicinity of the limiting Mach number, If the drag curve for a
larger Mach number range should be determined, the limiting Mach
number would have to be ehifted accordingly. This could be accom—
pliehed by drovping mores models of different welghts but the same
external form. Corresponding experiments on bombs, which are partly
unloaded, partly more or less heavily loaded with weighty materiale
are in preparation.

The acouracy of evaluation can be increased further, if, instead
of the graphical method employed here, that iz graphic differen—
tiation of the average cuxrve drawn through the experimental values,
an average ie determined by mathematical averaging calculations and
then 4ifferentlated. However, it is not to be expected that a
conglderabls lmprovement will be obitzined in the range of high Mach
numbers, The advantage of these refined methods of evaluation is
seen principally in the range which is termed "The range of small
accuracy of measurement" in the foregoing.

IV. RESULT OF DROP TESTS AND COMPARISON WITH WIND-
TUNNEL MEASUREMENTS

The drag coefficlents ¢y  oObtained by the drop tests are

shown as functions of the Mach number in figures 2 and 3. The drop
tests made are shown sz follows:

2 SC—5O bcunbso L] LI « & s+ 8 @ 2 . & s s+ = s e = @ LI In figu-re 2

1 5C~250 bomb without tail [in struts
for comparieon . . . v 4 &« ¢ & 4 ¢ + & « + « oIn Tigures 2 and 3

1 5C~-250 bomb with tall finstruts . o+ « . « ¢« + + + . In figure 3

The SC-50 bomb used in carrying out the expeximent has no tail
fin struts. The original SC—~25%0 bomb had tail fin strute as
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etandard eguipment in order to etiffen the tail surfacee,: The tail
fin etruts have a diameter. of 16 millimeters for .a bouwb diameter of
368 millimeters,

- The cloeest approach to the velecity of sound wae made by the
SC-250 bomb without tail fin strute with-a velocity 97 percent of - the

‘opeed of sound, All of the drag curves obtained from the drop tests
‘show & very steep increaee of drag on approaching the speed of

sound. Thie agreee very well with the experimental curves from the-
closed DVL high-speed wind tunnel which are drawn in for.comparison,
Admittedly, the wind—tunnel and drop~teet curves are displaced by 2
definite amount of drag from one ancther; howéver, the increaee- of -
drag on approaching the speed of sound ehows very good agreement;
the increase of drag, 1ncidentelly, was observed esnecial]y clearly
in this experimenn.

) The measurements from the DVL hlghmsneed wind tumnel, cited
for comparison, have been carried out for a model of the Sv—250 bomb
which had a diemeter of 123 millimeters., Two fuse openinge and a .
suspension lug for horizontal mounting of the bomb were added to the
model. The variation of drag for the SC-50 bomb has not been measured
in the wind tunnel as yet. The measurements are now boing prepared
for.” However, as a reeult of the great similarity between the SC-50
and SC~250 borbe (compare fig. 1), it is to be expected that the drag
curvee for the two bombs would differ from one ancther by only a small
amount.,

In figure 4 the variation of drag of the bombe inveetigated in
the cloeed IVL high—speed wind tunnel has been compared with that of
the open Jet, AVA — GHttingen.® The experimental curves have been
extrapolated somewhat beyond the meaeured range to larger Mach
nunrbers in conformity with. the elope at the end of the curve, The
experimental curves for .the same bombs could not always be used for
purpoees of comparieon of bomb drag in theee illustratione. However,
sints the bomb shapes are extraordinarily alike (compare fig. 1), for
sxample, the 80—250 and SC—5OO bombe without tail f1n strute have

SThe report on the’ wind—tunnel measuremente for &ll bombs will be
publieched as soon as the measurements on the model of the SC-50 bomb
have been completed, .

SA. Roth: Uhtersuchungen von Bomben im kompreesiblen
Unterschallgebiet, AVA-Bericht 41/8/8, September 194L.

- On the basis of more recent calibrations of the wind tunnel at
Gottingen, the experimental resulte presented in the AVA report had
been corrected before they were cited for the comperison in figure kb,
This convereion ie in the direction to reduce the differences between
the TVL and the AVA measurements.
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practically the same shape, The curves, therefore, can be compared
with one another and be ueed satisfactorily for the comparison in
mind.

The reproduction of the experimental curves obtained in the
drop tests has not been made in figure U4 because the drop-teet
measurements agree well with the measurements of the c¢loged DVL high-
epeed wind tupnel. (Compare figs. 2 and 3.)

The comparison of the curves shows that the measurements in the
open jet do not exhibit the sharp drag increase like those of the
closed DVL wind tunnel and, therefore, are also unlike the drorp-
tests. The cause of the deviation may be looked for in the fact that
no velocity correction Tactors were applied in the open-jet measure-
nments to take care of the effects of the obetruction of the test
length by the model, or that the Reynolds number in the open-jet
neasurements were extraordinarily low as a result of the limited wind-
tunriel dimensions {the bomb model diameter was 25 millimetere in the
AVA meseurenments).

V. SUMMARY

1, Drop tests were made by dropping original bombs from a high
altitude and by taking measuvrements along the drop curve. The largest
velocity of fall in these experiments amounted to 97 pervent of the
epeed of sound. )

‘2. The variation of the drag coefficiente for bombs obtalned
Trom the drop teets agreed closely with the measuremente in the
cloeed high—speed wind tuwmel of DVL. In particular, accorxding to
drop and wind--tvnnel measurements there is an extracrdinarily
steep drag increase when the velocity of fall approaches the velocity
of eound.

3. A comparison of drop measurements with drag measuremente
of the same bombs in the open jet of AVA -~ Gottingen shows that the
increase of drag is undervalued on approaching the speed of sound
in the open—jet measursments.

Tranelated by Dave Feingold
Wational Advisory Committes
Tor Aeronautics
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Figure 1.- Comparison of the shapes of bombs SC-50, SC-250
and SC-500,
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Figure 2.- Comparison of the drag coefficients obtained from
wind tunnel and release experiments for SC-bombs without
tail fin struts for various Mach numbers.

Drag coefficient Cy = _WT
e / 2Ve R
Bomb frontal area F =0T D2

4
M = Trajectory speed

Sonic speed
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wind tunnel and release experiments for the bomb SC-250
with and without tail fin struts for various Mach numbers.
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